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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a purification/isolation method of a threo-*\ ,2-epoxy-3-amino-4-phenylbutane 
derivative represented by the following general formula (1): 



10 



15 




wherein P represents a urethane-type amino-protecting group and the configurations at 2 and 3 positions are (2S.3R) 
or (2R.3S). The f/7/-eo-1,2-epoxy-3-amino-4-phenylbutane derivatives (1), in particular (2R,3S)-1,2-epoxy-3-amino-4- 
20 phenylbutane derivatives, are compounds useful as intermediates for the production of various HIV proteases, as de- 
scribed in Japanese Kokai Publication Hei-05-230095. 

BACKGROUND ART 

25 [0002] The hitherto-known production technology for threoA ,2-epoxy-3-amino-4-phenylbutane derivatives (1 ), in par- 
ticular (2R,3S)-1,2-epoxy-3-amino-4-phenylbutane derivatives, includes a method which comprises synthesizing (2R, 
3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane by epoxidizing 2(S)-N-(tert-butoxycarbonyl)amino-1- 
phenyl-3-butene with m-chloroperbenzoic acid in methylene chloride (e.g. J. Org. Chem., 1987, vol. 52, page 1487; 
Japanese Kokai Publication Hei-05-230095). Further, there is also known the method for isolating (2R,3S)-1 ,2-epoxy- 

30 3-amino-4-phenylbutane derivatives, which comprises carrying out ether extraction and washing repeatedly, drying the 
organic phase over anhydrous sodium sulfate, evaporating the solvent, purifying the residue by silica gel column chro- 
matography (eluent: hexane/ethyl acetate = 4/1 ) and recrystallizing the product from hexane (Japanese Kokai Publication 
Hei-05-230095). 

[0003] However, the prior art methods pose serious problems in carrying out them on an industrial scale; for example, 
35 the reaction yield of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane is low, namely about 80 mole 
percent (J. Org. Chem., 1987, vol. 52, page 1487); it is necessary to use undesirable reagents (e.g. methylene chloride, 
which is a halogenated hydrocarbon, ether and hexane, which are very inflammable organic solvents, and m-chlorop- 
erbenzoic acid, which is a very hazardous peroxide, or the like); a plurality of organic solvents are used in large quantities; 
the procedure is complicated; and the productivity is low. 
40 [0004] In the prior art methods, silica gel column chromatography (eluent: hexane/ethyl acetate = 4/1 ) and/or recrys- 
tallization from hexane is carried out for purification and isolation of (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino- 
4-phenylbutane. Such an isolation procedure, however, involves serious problems in carrying it out on a commercial 
scale; for example, use of large amounts of undesirable reagents, complexity of the process, a waste of time resulting 
from the complicatedness, increases in the number and capacity of production units, and low yields. A further problem 
45 is that the product crystallized from hexane has a low density, hence a large capacity container is required for packaging 
crystals of the above compound. 

[0005] In particular, investigations made by the present inventors revealed that the affinity of (2R,3S)-1,2-epoxy-3- 
N-(tert-butoxycarbonyl)amino-4-phenylbutane and other threo- 1,2-epoxy-3-amino-4-phenylbutane derivatives (1) with 
various organic solvents is not suitable, which makes it very difficult to isolate high-quality crystals in good yield by 

50 crystallization at an appropriate crystallization concentration. 

[0006] Thus, there is no effective method available in the art for producing a f/?reo-1 ,2-epoxy-3-amino-4-phenylbutane 
derivative (1), in particular (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane. 
[0007] The above threo-1 ,2-epoxy-3-amino-4-phenylbutane derivatives (1) are intermediates forthe production of HIV 
protease inhibitors which need to be ingested in high doses, and, therefore, it is of particular significance to develop a 

55 practical method for mass production of said derivatives. 

EP-A-0719769 discloses in example 5 a process for the preparation of an epoxide of the formula 
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in which process, the product is crystallized from hexane. 

In US-A-5559256 (column 76, lines 29 etc.) a conversion is described of the halohydrine of formula 1a (iv) 

15 
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25 in ethanol with a base (KOH) . The resulting material is isolated by crystallization from an ethyl acetate/hexane-solution. 
SUMMARY OF THE INVENTION 

[0008] In view of the above state of the art, it is an object of the present invention to provide a production method of 
30 high quality threo-'l ,2-epoxy-3-amino-4-phenylbutane derivatives ( 1 ) on a commercial scale in a simple, easy and efficient 
manner and with very high productivity. Another obj sect of the invention is to develop a method of crystallizing the above 
derivatives in a high density state. 

Accordingly the present invention provides a purification/isolation method of a toreo-l ,2-epoxy-3-amino-4-phenylbutane 
derivative of the general formula (1): 

35 




as defined in claims 1 to 24. 

[0009] In the following, the present invention is described in detail. 

50 

DETAILED DISCLOSURE.OF THE INVENTION 

[0010] The ttrecM ,2-epoxy-3-amino-4-phenylbutane derivative (1), which is the desired compound to be produced 
by the method of the present invention, is a protected form of foreo-l ,2-epoxy-3-amino-4-phenylbutane having the amino 
55 group protected by a urethane type protective group. 

[001 1] In the above general formula (1), the group P attached to the amino group is an amino-protecting group. This 
amino-protecting group is a group capable of protecting an amino group and includes various routine protective groups 
such as those described in the relevant monographs or literature available in the art, for example "Protective Groups in 
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Organic Synthesis", 2nd edition, John Wiley & Sons, 1991. As the protective group P in the above general formula (1), 
preferred is a urethane type protective group (also referred to as carbamate type protective group). Preferred as such 
group are, among others, aralkyloxycarbonyl groups and lower alkoxycarbonyl groups (the alkyl moiety having 1 to 6 
carbon atoms, preferably 1 to 4 carbon atoms). More preferred are benzyloxycarbonyl, methoxycarbonyl, ethoxycarbonyl 
5 and tert-butoxycarbonyl. Particularly preferred is tert-butoxycarbonyl. 

[0012] The configurations at positions 2 and 3 of the above ttreo-1,2-epoxy-3-amino-4-phenylbutane derivative (1) 
are either (2S,3R) or (2R,3S) 

[0013] The f/7reo-1-halo-2-hydroxy-3-amino-4-phenylbutane derivative of the above general formula (2), which serves 
as the substrate in the reaction involved in the production method according to the present invention, has the same 
10 configuration as the above toreo1,2-epoxy-3-amino-4-phenylbutane derivative (1). Thus, when the above threo-}, 2- 
epoxy-3-amino-4-phenylbutane derivative (1), which is to be obtained, has the (2S.3R) configuration, the above threo- 
1-halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) should have the (2S, 3R) configuration. For obtaining the (2R, 
3S) product, the substrate should be of (2R,3S) configuration. 

[0014] In the above general formula (2), the group P attached to the amino group is as mentioned above. X represents 
15 a halogen atom, such as a chlorine, bromine, fluorine or iodine atom. A chlorine or bromine atom is preferred and a 
chlorine atom is more preferred because of ease of substrate synthesis. 

[0015] The above threo- 1-halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) can be prepared, for example, by 
reducing a 1-halo-2-oxo-3-amino-4-phenylbutane derivative of the following general formula (3): 

20 



H O 



25 




30 

wherein P and X are as defined above and the configuration at position 3 is R when the fhreo-1-halo-2-hydroxy-3-amino- 
4-phenylbutane derivative (2) is intended to have the (2S,3R) configuration, or S when the derivative (2) is intended to 
have the (2R, 3S) configuration. More specifically, the (2R, 3S) form of a threo-} -halo-2-hydroxy-3-amino-4-phenylbutane 
35 derivative (2) can be obtained by microbiological reduction of the corresponding (S) form 1-halo-2-oxo-3-amino-4-phe- 
nylbutane derivative (3), as described in Japanese Kokai Publication Hei-09-285. 

[0016] The above 1 -halo-2-oxo-3-amino-4-phenylbutane derivative (3) can be prepared by the methods described in 

Japanese Kokai Publication Sho-62-126158 and Japanese Kokai Publication Hei-02-42048, among others. 

[0017] In cases where the above tf?reo-1-halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) is derived from the 

40 above 1 -halo-2-oxo-3-amino-4-phenylbutane derivative (3) by a reduction reaction, there is a tendency for the threo-}- 
halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) to contain the 1-halo-2-oxo-3-amino-4-phenylbutane derivative 
(3) as an impurity. However, even such ^reo-1-halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) can be properly 
used as the reaction substrate to give the corresponding threo-} ,2-epoxy-3-amino-4-phenylbutane derivative (1) of high 
quality in high yield. In this respect, the production method according to the present invention is highly advantageous. 

45 [0018] According to the production method of the present invention, the threo-} -halo-2-hydroxy-3-amino-4-phenylb- 
utane derivative (2) is treated, in the first step, with a base in a polar organic solvent or a solvent composed of a polar 
organic solvent and water to give the threo- 1,2-epoxy-3-amino-4-phenylbutane derivative (1). 
[0019] The above-mentioned polar organic solvent is not particularly restricted but includes, among others, aprotic 
polar organic solvents such as acetone, methyl ethyl ketone, tetrahydrofuran, 1,4-dioxane, 1,3-dioxolane, 1 ,2-dimeth- 

so oxyethane, diethylene glycol dimethyl ether, triethylene glycol dimethyl ether, tetraethylene glycol dimethyl ether, poly- 
ethylene glycol dimethyl ether, 1,2-diethoxyethane, diethylene glycol diethyl ether, triethylene glycol diethyl ether, tetra- 
ethylene glycol diethyl ether, polyethylene glycol diethyl ether, acetonitrile, dimethylformamide and dimethyl sulfoxide; 
protic polar organic solvents such as alcohols, for example methanol, ethanol, n-propanol, isopropanol, n-butanol, sec- 
butanol, isobutanol and tert-butanol. These may be used singly, or two or more of them may be used in combination. 

55 The solvent may contain any other type of organic solvent if it will not produce any adverse effect. 

[0020] When an alcohol is used as the above polar organic solvent, there is a tendency toward impurity formation. 
Therefore, in the treatment with a base, an aprotic polar organic solvent is preferably used. Ketones, such as acetone, 
ethers, such as tetrahydrofuran, acetonitrile and the like are preferred among others. Acetone is most preferred because 
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of ease of handling and inexpensiveness, however. 

[0021] In cases where a solvent composed of a polar organic solvent and water is used, the polar organic solvent is 
preferably selected from among organic solvents having relatively high affinity with water, more preferably from among 
organic solvents having highly affinity with water, still more preferably from among organic solvents fully miscible with 
5 water. The term "organic solvent fully miscible with water 1 ' generally means an organic solvent such that, when it is stirred 
gently with the same volume of pure water at a temperature of 20 °C and under atmospheric pressure, the resulting 
mixture, after flows have subsided, has a homogeneous appearance. 

[0022] The solvent composed of a polar organic solvent and water preferably has a low water content from the 
standpoint of increasing the reaction rate but, from the standpoint of the ease of crystallization of the threo-^ ,2-epoxy- 
10 3-amino-4-phenylbutane derivative (1 ) after the reaction, a lower polar organic solvent content is preferred. The water/ 
polar organic solvent ratio may vary according to such factors as the polar organic solvent species, strength of the base, 
and reaction temperature and therefore cannot be specified in general terms. The ratio, however, can be selected by 
carrying out a simple experiment. Generally, the ratio is not more than 10 by volume, preferably not more than 5, more 
preferably not more than 2. 

15 [0023] The substrate concentration in the reaction mixture is not particularly restricted but, generally, the ratio of the 
threo-"\ -halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) to the reaction solvent is not less than 5 w/v %, preferably 
• not less than 1 0 w/v %. 

[0024] The base to be used in the production method according to the invention is not particularly restricted but 
includes, among others, alkali metal hydroxides, alkali metal carbonates, alkaline earth metal hydroxides and alkaline 

20 metal carbonates. These may be used singly or two or more of them may be used combinedly. From the reaction rate 
viewpoint, alkali metal hydroxides and alkaline earth hydroxides are preferred and, from the viewpoint of inexpensiveness, 
ease of handling and/or ease of waste water treatment, for instance, alkali metal hydroxides such as lithium hydroxide, 
sodium hydroxide and potassium hydroxide are preferred. Among them, sodium hydroxide is particularly preferred. 
[0025] The above base may be used in the solid form or in the form of an aqueous solution or suspension. From the 

25 operability viewpoint, however, it is preferably used as an aqueous solution. For example, a 1 to 20 N aqueous solution 
of an alkali metal hydroxide is favorably used. 

[0026] The above base is used approximately in a stoichiometric amount or larger. The use of an excessively large 
amount is uneconomical. Generally, the base can be used in an amount of about 1 to 10 equivalents, preferably about 
1 to 3 equivalents. 

30 [0027] The reaction temperature in the step of treatment with a base is not particularly restricted. Thus, the reaction 
can be carried out at a temperature at which the reaction mixture will not solidify through at a temperature not higher 
than 50 °C, preferably at a temperature not higher than about 30 °C. 

[0028] The reaction time for said step of treatment with a base is not particularly restricted. When the base is used in 
the above-mentioned amount and the reaction temperature is within the above range, it is possible to carry the reaction 
35 to complete generally in several minutes to 30 hours. When the base is used in an amount of about 1 to 3 equivalents 
and the reaction temperature is about 10 °C to about 30 °C, the reaction can be carried to complete generally within 
several hours. 

[0029] The second step in the production method according to the present invention is carried out by adding, to water, 
the reaction mixture obtained in the above manner to thereby cause the tfjreo1,2-epoxy-3-amino-4-phenylbutane de- 

40 rivative (1 ) to crystallize out. 

[0030] In this crystallization step, the presence of water as a poor solvent is essential for properly reducing the solubility 
of the //7reo-1,2-epoxy-3-amino-4-phenylbutane derivative (1). However, the threo- 1,2-epoxy-3-amino-4-phenylbutane 
derivative (1) tends to separate out as an oil (oily substance) in the presence of water. For example, when water is 
continuously added to the reaction mixture obtained, the threo 1,2-epoxy-3-amino-4-phenylbutane derivative (1) sepa- 

45 rates out as an oil (oily substance) and this oil (oily substance) solidifies and adheres to the crystallizer wall and/or stirrer 
in substantial amounts, resulting in deposition of tight scales and/or formation of hardly disintegrate lumps. As a result, 
unfavorable phenomena occur; for example, the crystallizer contents cannot be recovered neatly from the crystallizer. 
Therefore, the method of adding the reaction mixture to water is required so that nucleation may be promoted in highly 
water-rich state while such oil formation is prevented. 

so [0031] For successful crystallization, the reaction mixture obtained is added to water preferably over a period of half 
an hour or longer, more preferably over about 1 hour or longer, more preferably gradually over a still more extended 
period of time. Although there is no particular upper limit to the period of addition, the period of addition is generally not 
longer than about a day, preferably not longer than about half a day. 

[0032] A procedure for maturation may be incorporated by interrupting the addition of the reaction mixture to water 
55 during the addition. This procedure is helpful in causing the crystallization to proceed while appropriately solidifying the 
oil (oily substance) accumulated with the addition of the reaction mixture to water. Although the timing of interposition 
of said maturation procedure is not particularly restricted, it is particularly effective to interpose the above maturation 
procedure at an early stage of addition, for example after addition of 1/1,000 to 1/10, preferably 1/1,00 to 1/20, of the 
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reaction mixture obtained. The duration of such maturation treatment is preferably at least half an hour, more preferably 
about 1 hour or longer. After completion of the above maturation procedure, the addition of the reaction mixture obtained 
can of course be resumed for continued crystallization. If necessary, the procedures for addition and maturation may 
be repeated alternately. 

5 [0033] By following the above procedure, it is possible to obtain a good crystal-containing slurry while suppressing 
the above-mentioned phenomenon induced by solidification of the oil (oily substance). 

[0034] The temperature for the crystallization step may depend on the species of toreo1,2-epoxy-3-amino-4-phe- 
nylbutane derivative (1), the polar organic solvent which coexists, the ratio between water and the polar organic solvent 
and other factors. For suppression of oil formation and promotion of crystallization, however, a low temperature is 

10 desirable. Generally, the crystallization is carried out preferably at a temperature at which the liquid will not solidify 
through at a temperature not higher than 40 °C, more preferably not higher than about 30 °C, still more preferably not 
higher than about 20 °C, most preferably not higher than about 10 °C. For improving the crystal characteristics, quality 
and yield, it is also possible, if necessary, to conduct heating and/or cooling after crystallization. 
[0035] The ratio between water and the polar organic solvent in the crystallization solution is preferably selected so 

15 that the crystallization solution will not separate into two or more phases but the crystallization may proceed in a solution 
forming a homogeneous phase between water and the polar organic solvent. Such ratio cannot be specified in general 
terms since it depends on the species of toreo- 1,2-epoxy-3-amino-4-phenylbutane derivative (1), the polar organic * 
solvent used, the crystallization temperature and the intended extent of impurity removal and other factors. However, 
the ratio can be easily selected by carrying out a simple experiment. When the polar organic solvent used has a high 

20 affinity for the threo- 1,2-epoxy-3-amino-4-phenylbutane derivative (1), for instance, it is desirable to increase the pro- 
portion of water. 

[0036] Generally, from the viewpoint of satisfactory crystallization and improved percent recovery of the tf?reo-1,2- 
eopxy-3-amino-4-phenylbutane derivative (1 ), a high proportion of water is preferred. The weight ratio of the polar organic 
solvent/water in the crystallization sytem is thus preferably not more than 1, more preferably not more than about 1/2, 

25 still more preferably not more than about 1/4. If necessary, for the purpose of promoting the crystallization and improving 
the recovery rate, the proportion of the polar organic solvent can be reduced by distilling off the polar organic solvent 
out of the system under reduced pressure, for instance, during and/or after the crystallization step. 
[0037] The concentration of the threo-1 ,2-eopxy-3-amino-4-phenylbutane derivative (1 ) in the crystallization mixture 
is not particularly restricted but the crystallization can be carried out at a concentration of not lower than about 5% by 

30 weight. 

[0038] As regards the intensity of stirring or degree of agitation in the step of crystallization, excessively weak stirring 
tends to result in insufficient dispersion, while excessively vigorous stirring results in formation of too fine crystals, hence 
formation of a frothy slurry. For obtaining crystals having satisfactory properties and uniform particle size, therefore, 
moderate stirring or moderate agitation is preferred. 
35 [0039] In the crystallization step, the crystallization solution may contain some organic solvent other than the solvent 
derived from the above-mentioned reaction step, and/or an inorganic salt such as sodium chloride, each in a concentration 
at which no adverse effect is produced. 

[0040] The above technology will be described in further detail, referring to a specific procedure. 

[0041] In carrying out the crystallization, the base which may remain in the reaction mixture can be removed after 

40 completion of the reaction or in the crystallization step. A typical procedure for removing the base comprises neutralization 
with an acid. The acid to be used for neutralization is not particularly restricted but may be a mineral acid such as 
hydrochloric acid, sulfuric acid and phosphoric acid, an organic acid such as acetic acid and formic acid, and a salt 
thereof. Such acids may be used singly or in combination. Among such acids, mineral acids such as hydrochloric acid 
and sulfuric acid are preferred because of low cost, ease of handling and ease of waste water treatment, among others. 

45 A preferred combination of such an acid with the base in the practice of the present invention is a combination such that, 
upon neutralization, they form an inorganic salt facilitating waste water treatment. 

[0042] An alternative method for removal of the base, which applies when the reaction mixture separates into two 
phases (an organic phase and an aqueous phase), comprises removing the aqueous phase containing a large amount 
of the base out of the system. 

50 [0043] Another procedure for removing the base, which applies when the base has precipitated out from the reaction 
mixture, comprises filtering off the base. 

[0044] For preventing the basic component and inorganic salt from contaminating the crystals as completely as pos- 
sible, the reaction mixture after the removal of the base component by the above-mentioned procedure should be 
submitted to crystallization and the base still remaining in the crystallization solution be neutralized. The target degree 
55 of neutralization is such that the pH in the crystallization step will be 6 to 1 1 , preferably 7 to 9. For preventing contamination 
of the crystals with the base component and inorganic salt, it is also effective to thoroughly wash the wet crystal crop 
with water. 

[0045] For promoting crystallization (nucleation), it is preferred that seed crystals are added in carrying out the crys- 
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tallization. The addition amount of seed crystals depends on the rate of addition of the reaction mixture obtained and 
other factors, hence cannot be specified in general terms. The preferred amount is at least 1% by weight relative to the 
ttreo-1,2-epoxy«3-amino-4-phenylbutane derivative (1) subjected to crystallization. 

[0046] The thus-obtained crystals of the threo-\ ,2-epoxy-3-amino-4-phenylbutane derivative (1 ) can be recovered by 
5 an ordinary solid-liquid separation technique such as pressure filtration, filtration under reduced pressure or centrifugation 

and, after washing the wet cake with water containing a small amount of an organic solvent and/or with water, if necessary, 
. they can be dried by drying under atmospheric pressure, fluidized-bed drying or vacuum drying, for instance. 

[0047] According to the production method of the present invention, it is possible to produce a high-quality threoA ,2- 

epoxy-3-amino-4-phenylbutane derivative (1) very efficiently in a simple and easy manner. Generally, the yield based 
10 on the corresponding threo-\ -halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) can be expected to be not less than 

about 90 mole percent. The crystals of said compound as obtained can be expected to have a higher density as compared 

with the crystals obtained by the prior art methods, for example a bulk density upon loose packing of not less than 0.3 

g/ml, preferably not less than 0.4 g/ml. 

[0048] The method of synthesizing a fhreo-1 ,2-epoxy-3-amino-4-phenylbutane derivative (1 ) according to the second 
15 aspect of the present invention comprises the first step of the above-mentioned production method. Thus, it comprises 
treating a threo- 1-halo-2-hydroxy-3-amino-4-phenylbutane derivative (2) with a base in a polar organic solvent or a 
solvent composed of a polar organic solvent and water. This method of synthesis can be carried out in the same manner 
as the first step of the above-mentioned method of production. Such method of synthesis can be expected to give the 
threo-1 ,2-epoxy-3-amino-4-phenylbutane derivative (1) in a reaction yield of not less than about 90 mole percent, pref- 
20 erably not less than about 95 mole percent. 

[0049] The purification/isolation method according to the third aspect of the present invention comprises crystallizing 
a threo-\ ,2-epoxy-3-amino-4-phenylbutane derivative (1 ) by adding, to water, a solution of the threo-1 ,2-epoxy-3-amino- 
4-phenylbutane derivative (1) in a polar organic solvent or a solution of the f/)reo1,2-epoxy-3-amino-4-phenylbutane 
derivative (1) in a solvent composed of a polar organic solvent and water. By utilizing this purificationdsolation method, 
25 jt is possible to purify and isolate a threo- 1 ,2-epoxy-3-amino-4-phenylbutane derivative (1 ) obtained by some reaction 
step other than the first step of the above-mentioned production method by following the same procedure as in the 
second step of the above-mentioned production method. 

[0050] The reaction mixture obtained after reaction can of course be used as the solution of the tf?reo-1 ,2-epoxy-3- 
amino-4-phenylbutane derivative (1) in a polar organic solvent or the solution of the tf?reo-1,2-epoxy-3-amino-4-phe- 
30 nylbutane derivative (1 ) in a solvent composed of a polar organic solvent and water. The solution to be used may also 
be a solution separatedly prepared by dissolving a threo- 1,2-epoxy-3-amino-4-phenylbutane derivative (1) in a polar 
organic solvent or a solvent composed of a polar organic solvent and water. Further, it may be a modification of the 
reaction mixture obtained in the above manner as rendered more suited for crystallization by concentration or solvent 
substitution. 

35 [0051 ] The polar organic solvent to be used in the above case is not particularly restricted but includes, among others, 
aprotic polar organic solvents such as acetone, methyl ethyl ketone, tetrahydrofuran, 1 ,4-dioxane, 1 ,3-dioxolane, 1 ,2- 
dimethoxyethane, diethylene glycol dimethyl ether, triethylene glycol dimethyl ether, tetraethylene glycol dimethyl ether, 
polyethylene glycol dimethyl ether, 1 ,2-diethoxyethane, diethylene glycol diethyl ether, triethylene glycol diethyl ether, 
tetraethylene glycol diethyl ether, polyethylene glycol diethyl ether, acetonitrile, dimethylformamide and dimethyl sulfox- 

40 ide; protic polar organic solvents such as alcohols containing 1 to 4 carbon atoms, for example methanol, ethanol, n- 
propanol, isopropanol, n-butanol, sec-butanol, isobutanol and tert-butanol, and acetic acid. These may be used singly, 
or two or more of them may be used in combination. 

[0052] Generally preferred as the above polar organic solvent is an organic solvent relatively high in affinity with water, 
more preferably an organic solvent high in affinity with water, still more preferably an organic solvent fully miscible with 

45 water. The term "organic solvent fully miscible with water" generally means an organic solvent such that, when it is stirred 
gently with the same volume of pure water at a temperature of 20 °C and under atmospheric pressure, the resulting 
mixture, after flowing has subsided, has a homogeneous appearance. Specifically, ketones such as acetone, lower 
alcohols (alcohols containing 1 to 4 carbon atoms) such as methanol, and acetonitrile are preferred among others. From 
the viewpoint of ease of handling, inexpensiveness and oil formation-inhibiting effect, among others, acetone and meth- 

50 anol are particularly preferred. In the step of crystallization, the mixture may contain some other organic solvent and/or 
an inorganic salt such as sodium chloride each in a concentration at which no adverse effect is produced. 
[0053] In this purification/isolation method, the conditions other than those just mentioned above are the same as 
those mentioned above referring to the second step of the above-mentioned production method. 
[0054] In accordance with such purification/isolation method, the recovery percentage of the high-quality tfweo-1,2- 

55 epoxy-3-amino-4-phenylbutane derivative (1) can be expected to be not less than about 90 mole percent, preferably 
not less than about 95 mole percent. The density of the crystals of said compound can be expected to be higher as 
compared with the crystals obtained by the prior art methods, for example a bulk density upon loose packing of not less 
than 0.3 g/ml, preferably not less than 0.4 g/ml. 
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BRIEF DESCRIPTION OF THE DRAWING 
[0055] 

5 Fig. 1 is a diagram showing the change in phase separation state (at 5 °C) in a ternary system composed of (2R, 

3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane [epoxy compound], acetone and water. 

BEST MODES FOR CARRYING OUT THE INVENTION 

w [0056] The following examples illustrate the present invention in further detail, They are, however, by no means 
limitative of the scope of the invention. 

<Reference experiment 

15 [0057] The three components (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane [epoxy compound], 
acetone and water were blended in various arbitrarily selected proportions for examination of the phase separation 
states at 5 °C. The results of this experiment are shown in Fig. 1. In the figure, the region A indicates a homogeneous 
liquid phase (epoxy compound dissolved; plotted by O), the region B indicates a liquid-liquid two phase region (epoxy 
compound in the state of an oil, etc.; plotted by X), and the region C denotes a solid-liquid two phase region (epoxy 

20 compound crystallized; plotted by +). 

[0058] From this diagram, it was revealed that the above ternary system covers three phase separation states according 
to the composition thereof. It is seen that by shifting the composition of a solution containing (2R,3S)-1 ,2-epoxy-3-N-(tert- 
butoxycarbonyl)amino-4-phenylbutane from the region A to the region C, it is possible to cause the (2R,3S)-1,2-epoxy- 
3-N-(tert-butoxycarbonyl)amino-4-phenylbutane to separate out but that it is difficult to inhibit the oily substance from 

25 solidifying by the technique comprising adding waterto a solution containing (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl) 
amino-4-phenylbutane (via the route indicated by an arrow 1) in the figure) or by the technique comprising distilling off 
acetone from a solution containing (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane (via the route 
indicated by an arrow 2) in the figure) since, in both cases, the route of composition shifting passes through the region 
B where the liquid phase forms an oil (separates into two phases). On the contrary, it is seen that the technique comprising 

30 adding, to water, a solution containing (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane (via the route 
indicated by an arrow 3) in the figure) can maintain the composition of the solution always in the region C where no oil 
formation occurs and therefore can cause favorable crystallization while avoiding oil formation. 

Example 1 

35 

[0059] In a nitrogen atmosphere, a 2-liter flask was charged in sequence with 250 g of water, 202 g of crystals of (2R, 
3S)-1-chloro-2-hydroxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane [containing 200 g (0.667 mole) of pure sub- 
stance and 2 g of (3S)-1-chloro-2-oxo-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane as an impurity] and 400 g of 
acetone. While maintaining the temperature at 25 °C, 133 g of a 30% (by weight) aqueous solution of sodium hydroxide 

to was added dropwise over 2 hours with moderate stirring in a nitrogen atmosphere. After completion of the dropping, the 
stirring was continued for 1 hour and then discontinued, and the lower aqueous phase (pH 14) was separated. The 
upper acetone layer was passed through a filter and then 40 g of a 50% (by weight) aqueous solution of acetone was 
passed therethrough, to give 600 g of an acetone solution containing 1 75 g (0.665 mole) of (2R,3S)-1 ,2-epoxy-3-N-(tert- 
butoxycarbonyl)amino-4-phenylbutane (yield 100%). Water (2,300 g) was placed in a 5-liter flask and cooled to 5 °C. 

45 While maintaining the temperature at 5 °C, with moderate stirring in a nitrogen atmosphere, 2 g of seed crystals of (2R, 
3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane were added to the flask and then the above acetone 
solution (600 g) cooled to 5 °C and containing (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane was 
added dropwise over 4 hours. After completion of the dropping, the stirring was continued for 1 hour and then the resulting 
crystals were collected by filtration, washed with two 250 g portions of a cooled 10% (by weight) aqueous solution of 

50 acetone and with one 500 g portion of water at 25 °C and then thoroughly drained. The thus-obtained wet crystals were 
subjected to vacuum drying (1 to 4 mm Hg) at 25 to 30 °C until the water content and acetone content each was reduced 
to not more than 0.1% by weight, to give 166 g (0.630 mole) of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4- 
phenylbutane (yield 93%, crystal purity 99.8%, bulk density upon loose packing 0.4 g/ml). 

55 Comparative Example 1 

[0060] The acetone solution containing (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane as ob- 
tained in the same manner as in Example 1 was placed in a 5-liter flask and cooled to 5 °C. While maintaining the 
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temperature at 5 °C, the addition of 2,300 g of water was started with moderate stirring in a nitrogen atmosphere. With 
the progress of the dropping, the mixture separated into two layers and the lower layer solidified and became lumpy, 
the stirring was stopped. 

5 Comparative Example 2 

[0061] To 200 g of crystals of (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane as obtained in the 
same manner as in Example 1 was added 200 g of n-hexane and, after dissolution at 40 °C, the solution was passed 
through a filter to give 400 g of a solution of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane in n- 

io hexane. This n-hexane solution was placed in a one-liter flask and cooled to 5 °C over 4 hours with moderate stirring. 
After completion of the cooling, the stirring was continued for an hour and then crystals were filtered off, washed with 
one 200 g portion of cooled n-hexane and thoroughly drained. The thus-obtained wet crystals were subjected to vacuum 
drying (1 to 4 mm Hg) at 25 to 30 °C until a n-hexane content of net more than 0.1% by weight to give 145 g (0.550 
mole) of crystals of (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane (yield 73%, crystal purity 99.9%, 

15 bulk density upon loose packing 0.1 g/ml). 

Example 2 

[0062] Water (75 g) was placed in a 200-ml flask and cooled to 5 °C. Then, 25 g of an acetone solution containing 1 0 
20 g of (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane was added dropwise while moderately stirring 
at 600 rpm using an egg-shaped magnetic stirrer (3 cm). The dropping was conducted slowly until the amount dropped 
arrives at one third of the whole amount. Thereafter, the rate of dropping was gradually increased. The whole amount 
was thus dropped over 3 hours, to give a slurry. Crystals were filtered off and subjected to vacuum drying (1 to 4 mm 
Hg, 1 day) to give 9 g of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane. 

25 

Comparative Example 3 

[0063] An acetone solution (25 g) containing 10 g of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl) amino-4-phenylb- 
utane was placed in a 200-ml flask and cooled to 5 °C. Then, 75 g of water was added dropwise with stirring at 600 rpm 
30 using an egg-shaped magnetic stirrer (3 cm). The mixture separated into two layers and the lower layer solidified and 
became lumpy, as a result, the stirring was stopped. 

Example 3 

35 [0064] From a mixture composed of 10 g of (2R,3S)-1 ,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane, 2 g 
of sodium chloride, 16 g of acetone and 6 g of water was separated the acetone phase. Water (73 g) was placed in a 
200-ml flask and cooled to 5 °C and then moderately stirred at 600 rpm using an egg-shaped magnetic stirrer (3 cm). 
Then, an amount specified in Table 1 of seed crystals were added, and the above acetone layer was added dropwise 
over a period specified in Table 1, to give a slurry. Crystals were filtered off and subjected to vacuum drying (1 to 4 mm 

to Hg, 1 day) and then examined for weight percentage of particles passing through a standard sieve (14 mesh screen 
(1 ,190 |xm)). The results thus obtained are shown in Table 1 . 



Table 1 



Amount of seed crystal 


Period of dropping 


Weight percentage of particles passing through a 1 4 mesh screen 


0.5 g (5%) 
0.1 g(1%) 
No addition (0%) 


20 min 
120 min 
120 min 


98% 
100% 
90% 



50 

Example 4 

[0065] Water (50 g) was placed in a 200-ml flask (paddle type stirring blade, 5 cm) and cooled to 5 °C and then 50 g 
of a methanol solution containing 1 0 g of (2R,3S)- 1 ,2-epoxy-3-N-(tert-butoxycarbonyl) amino-4-phenylbutane was added 
55 dropwise over 3 hours with stirring at 250 rpm, to give a slurry. Crystals were filtered off and subjected to vacuum drying 
(1 to 4 mm Hg, 1 day) to give 9 g of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane. 
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Example 5 

[0066] Water (50 g) was placed in a 200-ml flask (paddle type stirring blade, 5 cm) and cooled to 5 °C and then 19 g 
of an acetonitrile solution containing 10 g of (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane was 
5 added dropwise over 3 hours with stirring at 250 rpm, to give a slurry. Crystals were filtered off and subjected to vacuum 
drying (1 to 4 mm Hg, 1 day) to give 9 g of (2R f 3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4-phenylbutane. 

Example 6 

10 [0067] An acetone solution (600 g) containing 175 g (0.665 mole) of (2R, 3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl) 
amino-4-phenylbutane obtained in the same manner as in Example 1 was cooled to 5 °C Water (2,300 g) was placed 
in a 5-liter flask and cooled to 5 °C. While maintaining the temperature at 5 °C, 2 g of seed crystals of (2R,3S)-1 ,2-epoxy- 
3-N-(tert-butoxycarbonyl)amino-4-phenylbutane were added with moderate stirring in a nitrogen atmosphere. Then, 12 
g of the above acetone solution cooled to 5 °C and containing (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarbonyl)amino-4- 

15 phenylbutane was added dropwise over 5 minutes. After completion of the dropping, the stirring was continued for 1 
hour and, thereafter, the remaining portion of the acetone solution containing (2R,3S)-1,2-epoxy-3-N-(tert-butoxycarb- 
onyl)amino-4-phenylbutane was added dropwise over 4 hours. After completion of the dropping, the stirring was continued 
for 1 hour and then crystals were filtered off, washed with two 250 ml portions of a cooled 10% (by weight) aqueous 
solution of acetone and with one 500 g portion of water at 25 °C and thoroughly drained. The wet crystals obtained were 

20 subjected to vacuum drying (1 to 4 mm Hg) at 25 to 30 °C until a moisture content of not more than 0.1 % by weight and 
an acetone content of not more than 0.1% by weight, to give 170 g (0.646 mole) of (2R,3S)-1,2-epoxy-3-N-(tert-butox- 
ycarbonyl)amino-4-phenylbutane (yield 97%, crystal purity 99.8%, bulk density upon loose packing 0.4 g/ml). 

INDUSTRIAL APPLICABILITY 

25 

[0068] The present invention, which has the constitution mentioned hereinabove, makes it possible to produce high 
quality tf7reo-1,2-epoxy-3-amino-4-phenylbutane derivatives in a simple and easy and efficient manner with a very high 
productivity on a commercial scale. It also makes it possible to obtain the above derivatives as crystals with a high density. 

30 

Claims 

1. A purification/Isolation method of a threo-} ,2-epoxy-3-amino-4-phenylbutane derivative of the general formula (1 ): 

35 



40 




45 

wherein P represents a urethane-type amino-protecting group and the configurations at 2 and 3 positions are (2S, 
3R)or(2R,3S), 

which comprises adding, to water, a solution of the f/>reo-1 ,2-epoxy-3-amino-4-phenylbutane derivative (1) in a polar 
organic solvent or a solution of the f/7reo-1,2-epoxy-3-amino-4-phenylbutane derivative (1) in a solvent composed 
50 of a polar organic solvent and water to thereby cause the fftreo-1 ,2-epoxy-3-amino-4-phenylbutane derivative (1) 

to crystallize out. 

2. The purification/isolation method according to Claim 1 , wherein the addition of the solution to water is carried out 
over a period of not shorter than half an hour. 

55 

3. The purification/isolation method according to Claim 1 or 2. wherein the addition of the solution to water Is Interrupted 
during the addition to thereby incorporate a procedure for maturation 
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4. The purification/isolation method according to Claim 3. wherein the period for the maturation procedure is not shorter 
than half an hour. 

5. The purification/isolation method according to Claim 3 or 4, wherein the maturation procedure is incorporated at a 
5 time when 1/1 ,000 to 1/10 of the whole amount of the solution has been added. 

6. The purification/isolation method according to any of Claims 1 to 5, wherein the crystallization is effected at a 
temperature not higher than 40 °C. 

10 7. The purification/isolation method according to any of Claims 1 to 6, wherein the weight ratio of the polar organic 
solvent/water in the crystallization solution is not higher than 1 . 

8. The purification/isolation method according to any of Claims 1 to 7. wherein a seed crystal is added in effecting the 
crystallization. 

15 

9. The purification/isolation method according to Claim 8, wherein an amount of the seed crystal to be added is at least 
1 % by weight relative to the threol ,2-epoxy-3-amino-4-pnenylbutane derivative (1 ) to be subjected to crystallization. 

10. The purification/isolotion method according to any of Claims 1 to 9. wherein the polar organic solvent is an aprotic 
20 polar organic solvent. 

11. The purification/isolation method according to Claim 10, wherein the a protic polar organic solvent Is acetone. 

12. The purification/Isolation method according to any of Claims 1 to 9, wherein the polar organic solvent is a protic 
25 polar organic solvent. 

13. The purification/isolation method according to Claim 12, wherein the protic polar organic solvent is an alcohol 
containing 1 to 4 carbon atoms. 

30 14. The purification/Isolation method according to Claim 13, wherein the alcohol containing 1 to 4 carbon atoms is 
methanol. 

15. The purification/Isolation method according to any of Claims 1 to 14. wherein the solution of the threo-1 ,2-epoxy- 
3-amino-4-phenylbutane derivative (1) in the polar organic solvent or the solution of the threo-1,2-epoxy-3-omino- 
35 4-phenylbutane derivative (1): in the solvent composed of the polar organic solvent and water, is obtainable by a 

process, which comprises treating, with a base, a f/?reo-1 -holo-2-hydroxy-3-amino-4-phonylbutone derivative of the 
general formula (2): 



40 



45 




50 wherein P is as defined above, X represents a halogen atom and the configurations at positions 2 and 3 are (2S, 

3R) when they are (2S.3R) in the formula (1 ) or [2R, 3S] when they are (2R. 3S) in the formula (1 ), In a polar organic 
solvent or a solvent composed of a polar organic solvent and water. 

16. The purification/isolation method according to Claim 15, wherein the base is at least one member selected from the 
55 group consisting of alkali metal hydroxides, alkali metal carbonates, alkaline earth metal hydroxides and alkaline 

earth metal carbonates. 

* 17. The purification/isolation method according to Claim 15 or 16. wherein the base is an alkaline metal hydroxide. 
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1 8. The purification/Isolation method according to any of Claims 1 5 to 1 7, wherein the treatment with the base is carried 
out at a temperature not higher than 50 °C. 

19. The purification/Isolation method according to any of Claims 15 to 18, wherein the base remaining in the system 
after treatment with the base is removed from the system prior to effecting the crystallization. 

20. The purification/isolation method according to any Claims 15 to 19. wherein the f/?reo1-holo-2-hydroxy-3-amino-4- 
phenylbutone derivative (2) is obtainable by subjecting a 1-holo-2-oxo-3-amino-4-phenylbutane derivative of the 
general formula (3) to a reduction reaction: 




wherein P represents a urethane-type amino-protecting group, X represents a halogen atom and the configuration 
at position 3 is R when the f/?reo-1-halo-2-hydroxy-3-amino-4-phenylbutone derivative (2) is intended to have the 
(2S.3R) configuration, or S when the derivative (2) Is Intended to have the (2R,3S) configuration. 

21. The purification/isolation method according to Claim 20, wherein the f/7reo-1-halo-2-hydroxy-3-amino-4-phenylbu- 
tane derivative (2) contains the 1-halo-2-oxo-3-amino-4-phenylbutane derivative (3) as an impurity. 

22. The method according to any of Claims 1 to 21, wherein the urethane type amino-protecting group represented by 
P in the formulas (1), (2) and (3) is an aralkyloxycarbonyl group or a tower alkoxycarbonyl group. 

23. The method according to Claim 22, wherein the urethane type amino-protecting group is benzyloxycarbonyl, meth- 
oxycarbonyl, ethoxycarbonyl or tert-butoxycarbonyl. 

24. The method according to Claim 23, wherein the urethane type amino-protecting group is tert-butoxycarbonyl. 



Patentanspruche 

1 . Reinigungs- / Isolierverfahren eines threoA ,2-Epoxy-3-amino-4-phenylbutan-Derivats der allgemeinen Formel (1 ); 




worm P eine Aminoschutzgruppe des Urethan-Typs darstellt und die Konfigurationen an den 2 und 3 Stellen (2S, 
3R) Oder (2R,3S) sind, welches die Zugabe zu Wasser einer Losung aus dem threoA ,2-Epoxy-3-amino-4-phenyl- 
butan-Derivat (1) in einem polaren, organischen Losungsmittel Oder einer Losung aus dem tf?reo1 ,2-Epoxy-3- 
amino-4-phenylbutan-Derivat (1) in einem Losungsmittel, das aus einem polaren, organischen Losungsmittel und 
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Wasserzusammengesetzt ist, beinhaltet, urn dadurch die Auskristallisation des tf?reo- 1, 2- Epoxy-3-amino-4-phe- 
nylbutan-Derivats (1) zu bewirken. 

2. Reinigungs- / Isolierverfahren gemaG Anspruch 1 , worin die Zugabe der Losung zu Wasser uber einen Zeitraum 
von nicht weniger als eine halbe Stunde durchgefuhrt wird. 

3. Reinigungs* / Isolierverfahren gemaG Anspruch 1 oder 2, worin die Zugabe der Losung zu Wasser wahrend der 
Zugabe unterbrochen wird, um dadurch einen Reifungsvorgang einzubinden. 

4. Reinigungs- / Isolierverfahren gemaG Anspruch 3, worin der Zeitablauf des Reifungsvorgangs nicht weniger als 
eine halbe Stunde dauert. 

5. Reinigungs- / Isolierverfahren gemaG Anspruch 3 Oder 4, worin der Reifungsvorgang zu einem Zeitpunkt, an dem 
1/1 .000 bis 1/10 der Gesamtmenge der Losung zugegeben worden ist, eingebunden wird. 

6. Reinigungs- / Isolierverfahren gemaG irgendeinem der Anspruche 1 bis 5, worin die Kristallisation bei einer Tem- 
peratur von nicht mehr als 40°C ausgelost wird. 

7. Reinigungs- /Isolierverfahren gemaG irgendeinem der Anspruche 1 bis 6, worin das Gewichtsverhaltnisauspolarem, 
organischem Losungsmittel / Wasser in der Kristallisationslosung nicht mehr als 1 betragt, 

8. Reinigungs- / Isolierverfahren gemaG irgendeinem der Anspruche 1 bis 7, worin ein Keimkristall zur Auslosung der 
Kristallisation zugegeben wird. 

9. Reinigungs- / Isolierverfahren gemaG Anspruch 8, worin eine Menge des zuzugebenden Keimkristalls wenigstens 
1 Gewichts-% bezogen auf das f/7reo-1,2-Epoxy-3-amino-4-phenylbutan-Derivat (1), das der Kristallisation zu un- 
terziehen ist, betragt. 

1 0. Reinigungs- / Isolierverfahren gemaG irgendeinem der Anspruche 1 bis 9, worin das polare, organische Losungsmittel 
ein aprotonisches, polares, organisches Losungsmittel ist. 

11. Reinigungs- / Isolierverfahren gemaG Anspruch 1 0, worin das aprotonische, polare, organische Losungsmittel 
Aceton ist. 

12. Reinigungs- / Isolierverfahren gemaG irgendeinem der Anspruche 1 bis 9, worin das polare, organische Losungs- 
mittelsolvent ein protonisches, polares, organisches Losungsmittel ist. 

13. Reinigungs- / Isolierverfahren gemaG Anspruch 1 2, worin das protonische, polare, organische Losungsmittel ein 
Alkohol ist, der 1 bis 4 Kohlenstoffatome enthalt. 

1 4. Reinigungs- / Isolierverfahren gemaG Anspruch 1 3, worin der Alkohol, der 1 bis 4 Kohlenstoffatome enthalt, Methanol 
ist. 

15. Reinigungs- / Isolierverfahren gemaG irgendeinem der Anspruche 1 bis 14, worin die Losung des threo-1,2-Epoxy- 
3-amino-4-phenylbutan-Derivats (1) in dem polaren, organischen Losungsmittel oder die Losung aus dem threo- 
1 ,2-Epoxy-3-amino-4-phenylbutan-Derivats (1) in dem Losungsmittel, das aus dem polaren, organischen Losungs- 
mittel und Wasserzusammengesetzt ist, durch ein Verfahren erhaltlich ist, welches die Behandlung mit einer Base 
eines threo-1 -Halo-2-hydroxy-3-amino-4-phenylbutan-Derivats der allgemeinen Formel (2): 
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worin P wie oben vorgegeben ist, X ein Halogenatom darstellt und die Konfigurationen an den Stellen 2 und 3 (2S, 
15 3R), wenn sie (2S, 3R) in der Formel (1) sind, Oder (2R, 3S) sind, wenn sie (2R, 3S) in der Formel (1) sind, in einem 

polaren, organischen Losungsmittel oder einem Ldsungsmittel, das aus einem polaren, organischen Ldsungsmittel 
und Wasser zusammengesetzt ist, beinhaltet. 

16. Reinigungs- / Isolierverfahren gemaB Anspruch 15, worin die Base wenigstens einem Element der Gruppe, beste- 
20 hendaus Alkalimetallhydroxiden, Alkalimetalicarbonaten, Erdalkalimetallhydroxiden und Erdalkalimetallcarbonaten, 

entspricht. 

17. Reinigungs- / Isolierverfahren gemaB Anspruch 15 oder 1 6, worin die Base ein Alkalimetallhydroxid ist. 

25 18. Reinigungs- / Isolierverfahren gemaB irgendeinem der Anspruche 15 to 17, worin die Behandlung mit der Base bei 
einer Temperatur von nicht hoher als 50 °C durchgefuhrt wird. 

1 9. Reinigungs- / Isolierverfahren gemaB irgendeinem der Anspruche 1 5 bis 1 8, worin die Base, die nach der Behandlung 
mit der Base im System verbleibt, aus dem System entfernt wird, bevor die Kristallisation ausgelost wird. 

30 

20. Reinigungs- / Isolierverfahren gemaB irgendeinem der Anspruche 15 bis 19, worin das tf7reo-1-Halo-2-hydroxy-3- 
amino-4-phenylbutan-Derivat (2) dadurch erhaltlich ist, dass ein 1-Halo-2-oxo-3-amino-4-phenylbutan-Derivat der 
allgemeinen Formel (3) einer Reduktionsreaktion unterzogen wird: 

35 



40 



45 




worin P eine Aminoschutzgruppe des Urethan-Typs darstellt, X ein Halogenatom darstellt und die Konfiguration an 
der Stelle 3 R, wenn das mreo-1-Halo-2-hydroxy-3-amino-4-phenylbutan-Derivat (2) die (2S,3R)-Konfiguration auf- 
50 weisen soil, oder S ist, wenn das Derivat (2) die (2R,3S)-Konfiguration aufweisen soli. 

21. Reinigungs- / Isolierverfahren gemaB Anspruch 20, worin das f/7reo1-Halo-2-hydroxy-3-amino-4-phenylbutan-De- 
rivat (2) das 1 -Halo-2-oxo-3-amino-4-phenylbutan-Derivat (3) als eine Verunreinigung 

55 22. Verfahren gemaB irgendeinem der Anspruche 1 bis 21 , worin die Aminoschutzgruppe des Urethan-Typs, die durch 
P in den allgemeinen Formeln (1), (2) und (3) dargestellt wird, eine Aralkyloxycarbonylgruppe oder eine Niederalk- 
oxycarbonylgruppe ist. 
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23. Vertahren gemaB Anspruch 22, worin die Aminoschutzgruppe des Urethan-Typs Benzyloxycarbonyl, Methoxycar- 
bonyl, Ethoxycarbonyl Oder tert-Butoxycarbonyl ist. 

24. Verfahren gemaB Anspruch 23, worin die Aminoschutzgruppe des Urethan-Typs tert-Butoxycarbonyl ist. 
Revendications 

1 . Procede de purification/separation d'un derive tf?reo-1 ,2-epoxy-3-amino-4-phenylbutane de formule generale (1 ) : 




dans laquelle P represente un groupe de protection amino de type urethane et les configurations en positions 2 et 
3 sont (2S.3R) ou (2R,3S), 

25 qui comprend I'addition, a de I'eau, d'une solution du derive tf?recM ,2-epoxy-3-amino-4-phenylbutane (1) dans un 

solvant organique polaire ou d'une solution du derive threo 1 ,2-epoxy-3-ami no-4-p he nyl butane (1 ) dans un solvant 
compose d'un solvant organique polaire et d'eau pour provoquer la cristallisation du derive ,2-epoxy-3-amino- 
4-phenylbutane (1). 

so 2. Procede de purification/separation selon la revendication 1, dans lequel on effectue I'addition de la solution a de 
I'eau pendant une duree non inferieure a une demi-heure. 

3. Procede de purification/separation selon la revendication 1 ou 2, dans lequel on interrompt I'addition de la solution 
a I'eau pendant I'addition pour incorporer alors une procedure de maturation. 
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4. Procede de purification/separation selon la revendication 3, dans lequel la duree de la procedure de maturation 
n'est pas inferieure a une demi-heure. 

5. Procede de purification/separation selon la revendication 3 ou 4, dans lequel on incorpore la procedure de maturation 
to au moment ou 1/1 000 a 1/1 0 de la quantite totale de la solution a ete ajoute. 

6. Procede de purification/separation selon Tune quelconque des revendications 1 a 5, dans lequel la cristallisation 
est effectuee a une temperature non superieure a 40 °C. 

45 7. Procede de purification/separation selon I'une quelconque des revendications 1 a 6, dans lequel le rapport en poids 
du solvant organique polaire/eau dans la solution de cristallisation n'est pas superieur a 1. 

8. Procede de purification/separation selon I'une quelconque des revendications 1 a 7, dans lequel on ajoute un cristal 
de germes pour effectuer la cristallisation. 
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9. Procede de purification/separation selon la revendication 8, dans lequel la quantite de cristal de germes a ajouter 
est au moins 1 % en poids par rapport au derive /hreo-1 ,2-epoxy-3-amino-4-phenylbutane ( 1 ) soumis a cristallisation. 

1 0. Procede de purification/separation selon I'une quelconque des revendications 1 a 9, dans lequel le solvant organique 
55 polaire est un solvant organique polaire aprotique. 

11. Procede de purification/separation selon la revendication 10, dans lequel le solvant organique polaire aprotique est 
I'acetone. 



15 



EP 1 067 125 B1 



1 2. Procede de purification/separation selon Tune quelconque des revendications 1 a 9, dans lequel le solvant organique 
polaire est un solvant organique polaire protique. 

13. Procede de purification/separation selon la revendication 12, dans lequel le solvant organique polaire protique est 
un alcool contenant 1 a 4 atomes de carbone. 

1 4. Procede de purification/separation selon la revendication 1 3, dans lequel I'alcool contenant 1 a 4 atomes de carbone 
est le methanol. 

15. Procede de purification/separation selon Tune quelconque des revendications 1 a 14, dans lequel on peut obtenir 
la solution du derive threoA ,2-epoxy-3-amino-4-phenylbutane (1 ) dans un solvant organique polaire ou une solution 
du derive tf?reo-1 ,2-epoxy-3-amino-4-phenylbutane (1) dans un solvant compose d'un solvant organique polaire et 
d'eau, par un procede, qui comprend letraitement, avec une base, d'un derive fhreo-1-halogeno-2-hydroxy-3-amino- 
4-phenylbutane de formule generale (2) : 




dans laquelle P est tel que defini ci-dessus, X represente un atome d'halogene et les configurations en positions 2 
et 3 sont (2S.3R) lorsqu'elles sont (2S,3R) dans la formule (1) ou (2R.3S) lorsqu'elles sont (2R,3S) dans la formule 
(1), dans un solvant organique polaire ou un solvant compose d'un solvant organique polaire et d'eau. 

16. Procede de purification/separation selon la revendication 15, dans lequel la base est au moins un element choisi 
dans le groupe constitue des hydroxydes de metaux alcalins, des carbonates de metaux alcalins, des hydroxydes 
de metaux alcaltno-terreux et des carbonates de metaux alcalino-terreux. 

17. Procede de purification/separation selon la revendication 15 ou 1 6, dans lequel la base est un hydroxyde de metaux 
alcalins. 

18. Procede de purification/separation selon Tune quelconque des revendications 15 a 17, dans lequel on effectue le 
traitement avec la base a une temperature non superieure a 50 °C. 

19. Procede de purification/separation selon Tune quelconque des revendications 15 a 18, dans lequel la base restant 
dans le systeme apres traitement avec la base est eliminee du systeme avant d'effectuer la cristallisation. 

20. Procede de purification/separation selon Tune quelconque des revendications 15 a 19, dans lequel on obtient le 
derive f/7reo-1-halogeno-2-hydroxy-3-amino-4-phenylbutane (2) en soumettant un derive 1-halogeno-2-oxo-3-ami- 
no-4-phenylbutane de formule generale (3) a une reaction de reduction : 
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P 




dans laquelle P represente un groupe de protection amino de type urethane, X represente un atome d'halogene et 
la configuration en position 3 est R lorsque le derive threo 1-halogeno-2-hydroxy-3-amino-4-phenylbutane (2) est 
destine a avoir la configuration (2S.3R), ou S lorsque le derive (2) est destine a avoir la configuration (2R,3S). 

21. Procede de purification/separation selon la revendication 20, dans lequel le derive ttrecM-halogeno-2-hydroxy-3- 
amino-4-phenylbutane (2) contient le derive 1-halogeno-2-oxo-3-amino-4-phenylbutane (3) comme impurete. 

22. Procede selon Tune quelconque des revendications 1 a 21; dans lequel le groupe de protection amino de type 
urethane represente par P dans les formules (1), (2) et (3) est un groupe aralkyloxycarbonyle ou un groupe alcoxy- 
carbonyle inferieur. 

23. Procede selon la revendication 22, dans lequel le groupe de protection amino de type urethane est un benzyloxy- 
carbonyle, methoxycarbonyle, ethoxy-carbonyle ou tert-butoxycarbonyle. 

24. Procede selon la revendication 23, dans lequel le groupe de protection amino de type urethane est le tert.-butoxy- 
carbonyle. 
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Fig. 1 
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